Cystic fibrosis can manifest in many organs, but infection and inflammation of the airways cause the most severe morbidity and mortality. Early studies suggested that increased epithelial Na + reabsorption may be a key initiating event in cystic fibrosis lung disease. However, the importance of Na + hyperabsorption and the consequent depletion of pericellular airway liquid in cystic fibrosis lung disease has been called into question by a recent study by Jeng-Haur Chen et al. 1 . Newborn pigs lacking cystic fibrosis transmembrane conductance regulator (CFTR -/-pigs) developed lung pathology reminiscent of human cystic fibrosis. Although epithelia from these pigs had reduced Cl -and HCO 3 -transport, there were no alterations in Na + or liquid absorption, suggesting that defective anion transport is responsible for cystic fibrosis lung disease. Here three experts comment on how these findings might affect our understanding of cystic fibrosis lung pathogenesis and strategies for cystic fibrosis therapy.
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The major clinical manifestation of cystic fibrosis-chronic and life-shortening lung infections-could be considered an iatrogenic disease caused by medical intervention. Cystic fibrosis was first identified clinically as a fatal disease of young children resulting from gastrointestinal and secretory organ dysfunction. Defective transepithelial ion transport has long been recognized to be a major contributor to cystic fibrosis symptoms, and the identification of the CFTR gene and protein allowed mechanistic links to be made between nonfunctional or missing CFTR and defects in transport of Cl -and HCO 3 -. People with cystic fibrosis now survive to 30-40 years of age, as they can be treated with therapies to correct gastrointestinal dysfunction, but they suffer from chronic lung infections for most of their life. This lung disease is also thought to be due to defective transepithelial ion transport of Cl -and HCO 3 -, as well as of Na + , whose absorption from the airway lumen has been suggested to be affected by CFTR.
Chen et al. 1 have now added a wrinkle to the area of cystic fibrosis research by finding that CFTR -/-pig lungs were not affected in their ability to transport Na + and absorb water. They also observed no reduction in the volume of pericellular airway liquid 1 , which is thought to be key for clearing bacteria. However, these observations do not explain how defective ion transport in the lung is connected to the major clinical manifestation of modern cystic fibrosis-chronic lung infection with the mucoid variant of Pseudomonas aeruginosa 2 . Clearly, CFTR-dependent defects in innate immunity are major factors in the pathogenesis of cystic fibrosis lung disease 3 . Whereas cystic fibrosis pigs showed defective antibacterial clearance 4 , it is not known whether they would develop P. aeruginosa infections as humans with cystic fibrosis do. An important challenge is to connect electrophysiologic defects in cystic fibrosis with chronic P. aeruginosa infection.
In addition, as major clinical therapies are directed toward corrector and potentiator drugs for enhancing the amount and function of mutant CFTR proteins in lung cells, this study suggests that the effects of these drugs on ion transport may need to be reevaluated if Na + transport is not defective in human cystic fibrosis.
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Almost 30 years after the observation that the nasal epithelial surfaces of people with cystic fibrosis have increased amiloridesensitive negative voltage (Vt-amiloride) 5 , a key question remains-is lung disease initiated by excessive sodium uptake and liquid hyperabsorption or by defective transepithelial anion transport? The answer has important therapeutic implications for infants with cystic fibrosis in whom early intervention may prevent irreversible airway damage. Mice overexpressing the b-subunit of the epithelial Na + channel (ENaC) show decreased airway surface liquid volume, abnormal mucus transport and delayed bacterial clearance. The latter two are key features of cystic fibrosis lung disease 6 . Furthermore, in these mice the cystic fibrosis-related increase in transepithelial nasal potential difference can be restored by the ENaC inhibitor amiloride.
But, are sodium hyperabsorption and airway surface liquid depletion necessary to initiate cystic fibrosis disease? According to Chen et al. 1 , the answer is no, at least in the newborn CFTR -/-pig model. The recently developed CFTR -/-pig reproduces the lung and digestive tract features of cystic fibrosis and provides a new window through which to view early events preceding airway inflammation. The CFTR -/-pig has an increase in nasal Vt-amiloride similar to that observed in humans with cystic fibrosis. However, CFTR -/-pig nasal tissues do not show increased Na + conductance, and their airway surface liquid volume is normal. The changes in Vt-amiloride can be entirely explained by defective anion conductance of chloride and bicarbonate. Therefore, decreased CFTR-dependent anion conductance alone is associated with a phenotype similar to that of increased Na + and airway surface liquid absorption.
What are the implications for people with cystic fibrosis? These studies were performed exclusively in newborn pigs. It is conceivable that ENaC function and airway surface liquid volume vary between nasal and bronchial tissues, between species, during inflammation and infection, and with age. Furthermore, because Na + hyperabsorption and airway surface liquid depletion lead to cystic fibrosis-like airway changes, hydration of the airway surface liquid may be of therapeutic benefit. However, we now know that increased Na + conductance and decreased airway surface liquid volume are not necessary to induce cystic fibrosis-like changes in newborn airways. This new information should sharply focus our attention on issues of defective anion conductance in cystic fibrosis airway pathophysiology, such as the role of bicarbonate anions defining mucus viscosity 7 . Most important, new therapies for infants with cystic fibrosis should be directed toward the correction of defective CFTR-dependent anion conductance. 
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